Surface and subsurface morphology of bovine humeral articular cartilage as assessed by atomic force and transmission electron microscopy.
Maintenance of superficial structural integrity is essential for the load-bearing function of articular cartilage. In this study, we used atomic force microscopy (AFM) to image the 3-D surface and subsurface morphology of fresh bovine humeral head articular cartilage maintained in physiological solution. Complementary ultrastructural data were obtained by transmission electron microscopy (TEM) of cryo-processed samples. The surface irregularities observed in previous scanning electron microscopic studies were not apparent with AFM. The most superficial layer, typically 200-500 nm thick, consisted of acellular and nonfibrous tissue. Occasionally, it exhibited local discontinuities through which the underlying network of collagen fibrils, oriented parallel to the surface and displaying the characteristic periodic banding, could been seen. Local variations in force-curve measurements indicate the existence of differences in micromechanical properties along the articular surface. AFM thus furnishes a new method for characterizing the surface structure and properties of freshly excised articular cartilage in physiologically relevant conditions. It confirms the existence of an amorphous, nonfibrous articular surface which may be vital for its normal lubrication and wearing properties in vivo.